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Membrane-bound endosomal vesicles play an inte-
gral role in multiple cellular events, including protein
processing and turnover, and often critically regulate
the cell-surface availability of receptors and other
plasma membrane proteins in many different cell
types. Neurons are no exception, being dependent
on endosomal function for housekeeping and synap-
tic events. Growing evidence suggests a link between
neuronal endosomal function and Alzheimer�s disease
(AD) pathophysiology. Endosomal abnormalities
invariably occur within neurons in AD brains, and
endocytic compartments are one likely site for the
production of the pathogenic β-amyloid peptide (Aβ),
which accumulates within the brain during the dis-
ease and is generated by proteolytic processing of
the amyloid precursor protein (APP). The enzymes
and events involved in APP processing are appeal-
ing targets for therapeutic agents aimed at slowing
or reversing the pathogenesis of AD. The neuronal
endosome may well prove to be the intracellular site
of action for inhibitors of β-amyloidogenic APP pro-
cessing. We present here the view that knowledge of
the endosomal system in the disease can guide drug
discovery of AD therapeutic agents. 

A Brief Overview of Endocytosis 
A discussion of the role of endocytic compartments in the
pathogenesis of Alzheimer’s disease (AD; see http://sageke.
sciencemag.org/cgi/content/full/2001/1/dn2) is well served by a
brief overview of the endocytic system. The endocytic system
consists of a number of acidic, dynamically interacting vesicular
compartments that regulate the movement of substances within
the cell as well as between cells and the extracellular environ-
ment (1, 2). The process by which the plasma membrane is in-
vaginated is termed endocytosis, and the small, membrane-
bound vesicle that is formed is termed an endosome. Once
formed, endosomes can undergo a maturation process, adding
and exchanging material through various fusion events while
transporting, and in some cases recycling, their luminal and
membrane contents (1, 2). Each maturational stage of the endo-
some is characterized by the presence of specific functional and
regulator proteins, which are often uniquely associated with a
particular endocytic compartment (1, 3, 4). For example, the ini-
tial compartment in the endocytic pathway, the early endosome,

is associated with the small GTPase rab5, which participates in
the formation of the early endosome itself (5-11). Rab5 and its
partners have been frequently used as markers of early endo-
somes in cells and human brain tissue (12-16). Once formed, the
early endosome can contribute membrane and contents to late
endosomes. Alternatively, material can be recycled back to the
plasma membrane, making early endosomes unique in that they
are in rapid communication with both the plasma membrane and
distal compartments in the endosomal-lysosomal pathway (1-3,
17). In addition to content from the early endosome, the late en-
dosome receives material from the trans-Golgi network (TGN).
Much of this TGN-derived material consists of newly synthe-
sized acid hydrolases ultimately destined for the lysosome (18,
19). Like early endosomes, late endosomes have their own
unique constituents and associated regulatory proteins, which
can be used to identify them. The terminal compartment in this
system is the highly acidic lysosome, where final degradation of
vesicle contents delivered from the late endosome occurs. The
robust hydrolysis within the lysosome rapidly degrades its lumi-
nal contents, producing amino acids, carbohydrates, and lipids
that can then be reused by the cell. 

Endocytosis plays an important role in a number of cellular
processes, including (i) bringing extracellular material into the
cell, (ii) turning over cell-surface receptors and other membrane-
associated proteins (17), (iii) internalizing and metabolizing lipids
(20), and, in neurons, (iv) recycling of synaptic vesicles (21). Al-
though not nearly as proteolytically active as the lysosome, there
is a growing appreciation of the role of limited proteolysis within
the endosome in membrane protein processing and signal trans-
duction events (17). For instance, endocytosis has been shown to
play a role in the cleavage of the Notch protein (http://sageke.sci-
encemag.org/cgi/content/full/2003/48/pe34), leading to down-
stream signaling (22), processing events long thought to occur
solely at the cell surface. The amyloid precursor protein (APP; see
http://sageke.sciencemag.org/cgi/genedata/sagekeGdbGene;197)
is also likely to be processed within endosomes, which we discuss
in the following section.

The Role of the Endosomal System in APP Processing
and Aββ Production 
APP is a ubiquitously expressed transmembrane protein local-
ized both to the cell surface and to intracellular compartments,
including the TGN and endosomes (23, 24). After their synthe-
sis, APP molecules can traffic from the TGN to the plasma
membrane, where at least a portion of the APP pool is internal-
ized again into early endosomes (23, 25, 26) and can be subse-
quently processed into the Aβ peptide (27), which is believed to
play a central role in AD pathophysiology (28) (see “Detangling
Alzheimer’s Disease” at http://sageke.sciencemag.org/cgi/
content/full/2003/43/oa2). Although the function of APP is still
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unclear, much progress has been made toward understanding its
proteolytic processing, both the processing that leads to Aβ gen-
eration and the competing pathways that prevent the production
of the Aβ peptide from a given APP molecule (Fig. 1). In addi-
tion to the bulk degradation of APP in lysosomes (29), an im-
portant pathway that prevents Aβ production is the so-called
α-secretory pathway. A metalloprotease member of the ADAM
family cleaves APP (30-33) within the Aβ sequence, preventing
the generation of Aβ and releasing an extracellular, soluble
fragment (sAPPα); a C-terminal fragment (CTF) remains asso-
ciated with the membrane (34). Although this α-secretase-
cleaved CTF (αCTF) is subsequently cleaved by the γ-secretase
complex (which also functions to generate Aβ; see below), the
small fragment released (termed P3) is not amyloidogenic and
appears to have no role in AD pathogenesis. α-Secretase cleav-
age is believed to occur predominantly at the cell surface, al-
though other compartments in the secretory pathway, such as
the TGN, may contribute to α-secretase cleavage of APP. 

An alternate series of cleavage events generates the disease-
associated Aβ peptides. In this situation, cleavage of APP by the
β-secretase [BACE (35, 36)] generates another extracellular,
soluble fragment (sAPPβ) that differs from the α-secretase frag-

ment by only 16 amino acid residues. β-Secretase cleavage also
produces a membrane-associated CTF (the βCTF); β-secretase
cleavage generates the N terminus of Aβ, so the βCTF contains
the whole Aβ peptide sequence. The βCTF is the immediate
precursor of Aβ, and β-secretase cleavage is generally thought
to be the rate-limiting step in Aβ production (23, 37). Like the
αCTF, the βCTF is subsequently cleaved within the membrane
by the γ-secretase complex; however, in this case, γ-secretase
cleavage releases the pathogenic Aβ peptide (23, 24). Aβ is se-
creted from the cell into the extracellular space, where it aggre-
gates and accumulates as the pathological hallmark of AD, the
β-amyloid plaque. This suggests that Aβ itself is generated at
the plasma membrane or within the lumen of vesicular com-
partments that are in communication with the extracellular
space, such as endosomes. 

The BACE null mouse appears generally normal and makes
no Aβ (38-40); thus, BACE activity is a very attractive target
for AD therapeutic agents (41). After conversion of the proen-
zyme to an active form by a furin-like protease (42-44), BACE
localizes to multiple subcellular compartments, including the
Golgi network, the cell surface, and within endosomes (35, 42,
45-52), but not within the lysosome where it appears to be de-
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Fig. 1. A schematic representation of the sequence of enzymatic events that result in the production of the Aβ peptide from APP.
α, α-secretase; β, β-secretase; γ, γ-secretase.
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graded (53). This complex intracellular distribution of both the
substrate, APP, and the protease, BACE, suggests that BACE
cleavage could occur in multiple compartments. However, sev-
eral lines of evidence suggest that endocytic compartments are
likely candidate sites for at least some β-secretase cleavage of
APP. First, βCTFs have been shown to colocalize with endocyt-
ic markers (15, 54). However, the intracellular trafficking of
βCTFs may be complex (54), and they are clearly found in oth-
er compartments, such as the TGN (15). The pH optimum for
BACE suggests that it may directly function in an endoctytic
compartment. BACE enzymatic activity is maximal at an acidic
pH of 5, and little activity remains at a neutral pH (55). The
acidic pH of endocytic compartments, although not as acidic at
the pH optimum for BACE, is a reasonably hospitable environ-
ment for its enzymatic activity. 

Interestingly, BACE may interact with APP at the plasma
membrane where the complex may then be endocytosed, as sug-
gested by studies using exogenously applied BACE (56).
BACE-mediated cleavage of APP in the endocytic system dove-
tails well with previous work that has identified, through vari-
ous trafficking mutants of APP, the early endosome as an im-
portant site for Aβ generation (25-27, 57). The cytoplasmic do-
main of APP can be phosphorylated at multiple sites, and vari-
ous phosphorylation events appear to alter APP localization and
thus APP processing, in some cases promoting cell-surface lo-
calization and α-secretase cleavage (58). Important to this dis-
cussion, APP phosphorylated at Thr668 within the cytoplasmic
domain has been shown to colocalize with BACE in endocytic
compartments (59). Removing the phosphorylation site through
mutagenesis decreased APP internalization and decreased Aβ
production, additional support that Aβ production is subsequent
to the endocytosis of APP. The trafficking of BACE also ap-
pears to be regulated by its phosphorylation. Blocking phospho-
rylation of BACE at residue Ser498 by mutagenesis results in re-
tention of BACE within early endosomes (45, 47), whereas
phosphocompetent BACE was found both within the Golgi and
within endosomes. Thus, the current evidence suggests that en-
dosomes are likely to play an important role in the β-secretase
cleavage of APP, although other compartments within the cell
may well contribute to some βCTF generation. 

Experimental evidence suggests that, like BACE, the γ-secre-
tase is found in multiple vesicular compartments within the cell.
Resolving the subcellular localization of the γ-secretase has been
facilitated by the finding that the functional enzyme consists of a
complex of four transmembrane proteins [presenilin, nicas-
trin, APH-1, and PEN-2 (60, 61) (see Wolfe Perspective at
http://sageke.sciencemag.org/cgi/content/full/2003/11/pe7)],
which must assemble for the complex to become active (61, 62)
and to exit the endoplasmic reticulum (63-66). The γ-secretase
complex has been localized to the Golgi (67), the plasma mem-
brane (68-71), endocytic compartments (72, 73), lysosomes
(74), and autophagic vacuoles (75), degradative compartments
upstream from the lysosome that are in close communication
with endocytic compartments (see Cuervo Perspective at
http://sageke.sciencemag.org/cgi/content/full/2003/36/pe25). Al-
though various proteolytic functions of the γ-secretase complex
have been assigned to the plasma membrane [for example,
Notch signaling (76, 77) and E-cadherin cleavage (78)], the site
of γ-secretase cleavage of the βCTF remains unresolved. Never-
theless, the identification of the γ-secretase complex within en-
docytic and related compartments (autophagic vacuoles and

lysosomes) suggest that these compartments should have the ca-
pacity to produce Aβ (79, 80). 

The Neuronal Endocytic System in AD and 
Related Disorders
Over the past decade, the field’s understanding of the proteases re-
sponsible for β-amyloidogenic APP processing and the probable
subcellular compartmentalization of these events has combined
with other lines of evidence showing endocytic alterations in AD
and AD-relevant diseases to suggest that endosomes and endocytic
activity may be central to early events in AD pathophysiology, per-
haps even leading to overproduction of Aβ by neurons (80, 81). In
brain tissue derived from AD patients with Aβ deposition restricted
to the entorhinal cortex, abnormally large early endosomes are
found not only in neurons in the temporal cortices but also in
frontal-cortical neurons (13, 14). These individuals are thought to
represent a patient population in the earliest stages of the disease;
this finding suggests that neuronal endocytic changes occur during
the pathogenesis of AD before extracellular β-amyloid deposition
within a given brain region. This idea—that endocytic alterations
are not a consequence of Aβ accumulation—derives further sup-
port from the finding that early-onset AD patients harboring AD-
associated familial mutations in presenilin (http://sageke.sci-
encemag.org/cgi/genedata/sagekeGdbGene;198), patients whose
brains contain abundant β-amyloid plaques, do not show swollen
neuronal endosomes (12). Given that the mechanism driving Aβ
deposition in such patients is dependent on the overproduction of
the highly amyloidogenic Aβ42 (a version of Aβ that is 42 residues
in length) as a result of alterations in presenilin-mediated γ-cleav-
age of APP [(82-84); reviewed in (85)], it is not unexpected that the
mechanism(s) of β-amyloidosis and the involvement of neuronal
endocytic compartments are different in late-onset, sporadic AD.
Thus, increases in extracellular amyloid deposition reflect in-
creased production of amyloidogenic Aβ species, and several
mechanisms, including genetic mutations in proteins that make up
the enzymatic machinery, can drive overproduction. In familial
AD, the mechanism appears to be alterations in enzyme-substrate
affinities and activities. In sporadic AD, the early endosomal ab-
normalities suggest enzyme-substrate compartmentalization that
ultimately results in enhanced Aβ production. 

Several predictions can be made based on a model in which
early-disease changes in endocytic function would promote
greater neuronal Aβ production from a given pool of APP
molecules. First, given sufficient sensitivity, Aβ should be de-
tectable in endocytic compartments within neurons, which has
now been reported by a number of groups using immunolabel-
ing of human brain samples at the light and electron microscop-
ic levels (86-89). Indeed, intracellular Aβ has been directly
colocalized with rab5-immunoreactive early endosomes in ear-
ly-stage AD cases (89). Concentrations of soluble Aβ (in other
words, Aβ that is not deposited into extracellular β-amyloid
plaques), were high in these brains (89), suggesting that the ear-
liest evidence of an increase in Aβ in the AD brain corresponds
with changes in the endosomal system. Another prediction is
that modeling these endocytic alterations in cells should result
in an increase in β-amyloidogenic APP processing; likewise,
finding them in other disease states should also be associated
with such an increase. In AD neurons, the pattern and intensity
of immunolabeling for a number of regulators of early endocyt-
ic events strongly suggests that endocytosis itself is increased in
the disease (13, 14, 81). Overexpression of rab5, which leads to
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increased endocytosis and swollen early endosomes reminiscent
of those seen in AD, has been shown to (i) increase endocytosis
of APP, (ii) increase βCTF concentrations, and (iii) enhance Aβ
production in transfected cells (15). 

Down syndrome
Additional evidence that AD-like endosomal alterations play a
role in increased Aβ production comes from two other disor-
ders of the central nervous system (CNS). Individuals with
Down syndrome (DS, caused by trisomy 21) inevitably develop
accumulations of Aβ and AD (90-92) (see Devenny Case Study
at http://sageke.sciencemag.org/cgi/content/full/2005/14/dn1).
The APP gene is on human chromosome 21, and it has long
been thought that the predisposition of DS patients to AD is
due to overexpression of APP resulting from the increased
gene dosage. Although a single additional copy of APP is suf-
ficient to cause AD in humans (93), the situation in DS may be
more complex and pernicious. Neurons in the DS brain, like
those in the AD brain, have abnormal early endosomes that
contain Aβ (detected by immunolabeling) (89), and intracellu-
lar Aβ has been detected before β-amyloid pathology develops
in young DS individuals (94). Endosomal abnormalities (and
likely increases in production of Aβ peptide) precede the in-
evitable Aβ extracellular deposition in DS patients and are
present even in prenatal DS brain (89), suggesting that abnor-
malities in the endocytic machinery in DS are both very early
markers of neuronal dysfunction and may play a role in in-
creased Aβ production and later β-amyloid deposition. Similar
early endosomal abnormalities occur in Ts65Dn mice, a mouse
model that has triplication of many of the genes on human
chromosome 21 and has morphological and development de-
fects similar to DS (95). Using this mouse model, Cataldo and
colleagues (16) have shown that the relation between APP and
the early endosome may be more complex than endocytosis
simply affecting APP processing. In this study, Ts65Dn mice
were crossed with an APP knockout mouse to restore APP
gene copy number to the normal diploid level while leaving the
other genes in the trisomic region triplicated. This mouse does
not have early endocytic abnormalities, suggesting that APP
overexpression plays a role in the development of the endoso-
mal dysfunction in DS. This finding suggests the potential for
a bidirectional interaction between normal endosomal function
in neurons and APP protein concentrations and processing. The
Ts65Dn mouse and other DS mouse models offer excellent ex-
perimental systems to directly examine the impact of AD-like
endocytic abnormalities in vivo on APP metabolism and Aβ
production in the brain. A comparison of subcellular traffick-
ing and APP processing in the DS mouse model and mouse
models that produce disease-associated variants of APP and
presenilin (APP×PS1 models) would also be very informative,
as the transgenics that only produce disease-associated variants
of presenilin appear to model the familial forms of AD and do
not show the endocytic abnormalities characteristic of sporadic
AD and DS (96).

Niemann-Pick Type C disease
One additional disease that has particular bearing to AD-rele-
vant endocytic abnormalities is Niemann-Pick Type C (NPC)
(97), a lysosomal storage disorder that causes progressive and
ultimately fatal neurodegeneration in affected children (20).
NPC is a rare autosomal recessive disease caused by mutations

in one of two genetic loci, Npc1 or Npc2, with the overwhelm-
ing majority of cases caused by mutations in Npc1. This gene
encodes for a protein that localizes to the late endosomal mem-
brane but is transiently associated with lysosomes and the TGN
(98). In NPC, free cholesterol and sphingolipids accumulate in
many tissues, including within neurons. Cholesterol appears to
become trapped in late endosomes and early lysosomes, leading
to the hypothesis that the NPC1 protein is involved in intracel-
lular trafficking of cholesterol (98, 99). Failure of efficient lyso-
somal degradation in this storage disorder appears to result
from the cholesterol and sphingolipid accumulation in late en-
dosomes, which (i) disrupts endosomal to lysosomal transport,
(ii) results in endosomal swelling, and (iii) traps many proteins
within endocytic compartments (97, 100). Using mutant NPC
mouse models, Burns et al. (101) demonstrated that this dis-
rupted cholesterol transport led to an increase in Aβ, which they
attributed to an increase in the early endosomal compartmental-
ization of the γ-secretase, although another report suggested
that increasing cholesterol concentrations within endosomes re-
sults in the accumulation of the γ-secretase in late endosomes
(73). The idea that NPC leads to endosomal alterations that in-
crease endosomal Aβ production is further supported by addi-
tional work demonstrating colocalization of Aβ with markers of
early endosomes in human NPC brain tissue (102) and in late
endosomes in cells (103). Thus, a genetic mutation that alters
cholesterol trafficking and thereby modulates endosomal traf-
ficking and maturation substantially influences Aβ production. 

The Importance of AD-Associated Endocytic 
Alterations to Drug Development
Aβ accumulation in the brain is an invariant feature of AD and
appears to play a primary role in AD pathophysiology (28). Ulti-
mately, the accumulation of Aβ in the brain parenchyma in a
subset of aged individuals must result from a misbalance of Aβ
production and Aβ clearance. The findings we have focused on
in this position piece support the hypothesis that disruption of
normal endosomal function may be one event important in the
cascade that leads to development of the pathological features of
AD. Although the disease is caused by numerous and in all like-
lihood synergistically compounding events that all concurrently
interact—examples include (i) a compromise of Aβ clearance,
(ii) the nucleation of Aβ oligomers, (iii) the interaction of Aβ
with cofactors, (iv) direct neurotoxicity of various Aβ moieties,
(v) neuroinflammation (see McGeer Review at http://sageke.sci-
encemag.org/cgi/content/full/2002/29/re3), and (vi) hyperphos-
phorylation of the microtubule-associated protein tau—in-
creased production of Aβ subsequent to endocytic alterations
could well contribute to the initial stages of the disease’s patho-
physiology. If this situation were indeed the case, we might use
this knowledge of the role of endocytic compartments in early
disease events to more effectively target therapeutic or potential-
ly preventive treatments.

What about targeting the endocytic system directly? Al-
though experimental “proof of concept” paradigms can be
imagined [for example, altering rab5 activity by expressing
dominant-negative, endocytosis-inhibiting mutant versions of
the protein (6, 7) in neurons], the essential, carefully balanced
nature of endocytosis in all cells suggests that direct manipula-
tion of endocytosis will not prove to be a practical approach for
therapeutic intervention. Events as fundamental as synaptic
vesicle recycling require endocytosis (21), so any broad inter-
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ference with endocytic activity is likely to be disruptive of
many key neuronal functions. 

However, endocytosis appears to be altered in neurons early
in AD. Identifying the upstream cause(s) of this alteration might
afford one the ability to target the change in endocytosis, not
normal, essential endocytic events (Fig. 2). Experimental data
and even human genetic data now suggest at least one likely
culprit in abnormal endocytosis/endocytic function: cholesterol.
Analysis of NPC suggests that gross mismetabolism of choles-
terol in the endocytic pathway can result in alterations of APP
processing, leading to increased Aβ production. What about
cholesterol and APP metabolism in less extreme states? APP,
Aβ, and β-amyloidogenic pathway enzymes have been reported
to be partially associated with cholesterol-rich membrane “raft”
domains [(72, 104-108); for review, see (109)], and BACE and
APP might initially interact in such a domain (107). Indeed, di-
rectly targeting BACE by a glycosyl-phosphatidylinositol mem-

brane anchor to cholesterol-rich domains of the membrane in-
creases Aβ production (110). In vivo, rabbits and APP trans-
genic mice fed a high cholesterol diet have more Aβ in the brain
and, in the case of the APP transgenic mice, develop signifi-
cantly more β-amyloid plaques than those on a normal diet
(111, 112). In contrast, lowering cholesterol concentrations by
treatment with β-methylcyclodextran and statins reduces Aβ
concentrations in vitro (113, 114), whereas statins and similar
cholesterol-lowering drugs have been shown to reduce Aβ con-
centrations in vivo (113, 115). Cholesterol metabolism in vivo
may also be directly linked to alterations in neuronal early en-
dosomes through the Apolipoprotein E (ApoE) gene product, an
abundant lipid-carrier protein found in both the peripheral ner-
vous system and the CNS. Common allelic variation in ApoE
confers substantial risk for late-onset AD, with carriers of the
ApoE4 allele at increased risk for the disease (116). Interesting-
ly, Cataldo and colleagues (117) have shown that the severity of
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indicates movement and/or maturation of vesicles. α, α-secretase; β, β-secretase; γ, γ-secretase; MVB, multivesicular body.
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the early endocytic abnormalities seen in AD is increased in in-
dividuals with an ApoE4 allele, compared to those without. Al-
though not a direct demonstration that cholesterol can modulate
endocytic changes in AD, this finding links a known genetic
risk factor for AD, which also happens to be a cholesterol-car-
rying protein, with greater endocytic abnormalities in neurons.
It may prove that lowering serum cholesterol and lipid concen-
trations will have a positive impact on the endocytic changes
seen in the AD brain, perhaps retarding the onset or slowing the
progression of the disease [while, not incidentally, having other
important positive cardiovascular effects; reviewed in (118,
119)]. Two clinical trials (www.clinicaltrials.gov) are currently
under way examining the efficacy of statins as therapeutic
agents for AD. Additional experimental evidence linking
cholesterol with endocytic dysfunction in AD and related sys-
tems, such as the DS mouse models, would add further impetus
to managing AD-related endocytic alterations by managing
cholesterol concentrations. 

Understanding the role of the endosomal system in the
pathophysiology of AD may also provide new opportunities for
rational drug development (Fig. 2). One approach to improving
drug efficacy and safety is to target drug delivery to specific
subcellular locations. For instance, small molecule inhibitors of
β- or γ-secretase activity may be significantly more efficacious
while also being safer if delivery of these inhibitors could be
targeted directly to endosomal sites of APP processing. In the
case of γ-secretase inhibitors, which have known toxicity issues
resulting from the role of the γ-secretase in the processing and
subsequent signaling of many important cell receptors [in par-
ticular, Notch (77, 120)], endosomal targeting might result in a
more selective inhibition of Aβ production within the endo-
somes. Such a strategy might spare the processing of other γ-
secretase substrates that undergo the majority of their process-
ing in other subcellular compartments (76). In the case of
Notch, γ-secretase processing appears to occur at the plasma
membrane (76, 77) but possibly additionally within endosomes
(22), so the success of this strategy may depend on the relative
importance of these two compartments to Notch signaling. The
field of cancer therapy has attempted to develop such tools and
strategies to deliver drugs to specific intracellular compart-
ments using methods to lessen the toxic effects of these com-
pounds while enhancing their efficacy (121, 122). Binding
high molecular weight carrier molecules to small molecule
drugs allows for their uptake by endocytosis and thus targets
them to the endosomal system. The design of β-secretase in-
hibitors might particularly benefit from an endosome-directed
approach relying on endocytic uptake. The active-site cleft
within BACE is unusually large, which has made the develop-
ment of high-affinity, high-specificity small compound in-
hibitors difficult (123, 124). One reason that small compounds
can be useful as drugs is that they can cross the cell membrane.
Using endocytosis to deliver a larger, but highly specific, in-
hibitor from the extracellular space to the lumen of the endo-
some, where the active site of BACE would be located, obvi-
ates the need for the compound to cross the cell membrane.
Small compounds have other advantages, such as the ability to
be administered orally and to cross the blood-brain barrier;
thus, this strategy is not without potential pitfalls. Additionally,
“smart” polymer carrier molecules have been developed that
enhance the cellular uptake of therapeutic proteins and nu-
cleotides and allow their release via pH-sensitive bonds that

are activated (cleaved) in the acidic environment of the endo-
some (125). However, the efficacy of these approaches has
been demonstrated with systemic targets, including lymphatic
tissues and peripheral tumors. Efficacy at CNS targets will un-
doubtedly be more difficult to achieve, because high molecular
weight carriers may not cross the blood-brain barrier. However,
alternative routes of administration (for example, intranasal
dosing) may help to overcome this limitation. 

Notwithstanding these potential hurdles, as we expand our
understanding of the role of neuronal endocytosis in the patho-
physiology of AD, we are likely to uncover new and potentially
better therapeutic targets for this devastating disease. Hopefully,
the growing appreciation of mouse models showing AD-rele-
vant endocytic abnormalities will permit the field to examine
these endosomal changes, their consequences, and their modu-
lation directly within the CNS. Clearly, the more nuanced our
understanding of AD becomes, the more successful our treat-
ments are likely to be; knowledge of the role of the endosomal
system in AD pathophysiology may well contribute to the de-
velopment of successful treatment strategies.
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